between the major malaria vector species.
Introduction (Campbell & Nachman 2014) . Additionally the introgression of heterospecific Y 84 chromosomes in Drosophila was found to affect male fertility and alters the expression of 2-85 3% of all genes in hybrids (Sackton et al. 2011). 86 The varied picture of the Y's biological role emerging form work in mammals and 87
Drosophila suggests the need for additional studies using other model systems. The 88
Anopheles genus, which contains all human malaria-transmitting mosquito species has in 89 recent years received much attention, not only due to its stark medical importance but also as 90 a model system for studying speciation and chromosome evolution. In particular the 91
Anopheles gambiae species complex of eight sibling species including the most widespread 92 and potent vectors of malaria in Sub-Saharan Africa offers an excellent platform to further 93 our understanding of the biology of the Y and its possible role in reproductive isolation. 94
To this end, we decided to focus on the two species with prime medical importance, A. 95 gambiae and A. arabiensis, as they are the most anthropophilic members of the complex with 96 the widest distributions. 97
A. gambiae predominates in zones of forest and humid savannah whereas A. arabiensis 98 prevails in arid savannahs and steppes, including those of the South-Western part of the 99 Arabian Peninsula. In the sympatric areas, changes in seasonal prevalence are observed 100
showing an increase in the relative frequency of A. arabiensis during the dry season. In areas 101 observing the absence of particular genotypes in backcross experiments, that inviability is 109 caused by recessive factors on the X chromosome of A. gambiae incompatible with at least 110 one factor on each autosome in A. arabiensis (Slotman et al. 2004) . 111
In the present study we wanted to establish whether the introgression of the A. gambiae Y 112 chromosome into an A. arabiensis genetic background is possible when selected for in a 113 controlled laboratory setting, whether the Y contributes to reproductive isolation and whether 114 a heterospecific Y, as it has been reported in Drosophila, would markedly modulate gene 115 expression patterns, fertility or behavior of Y hybrid males. In addition to basic biological 116 insights our attempt to better understand the biology of the mosquito Y is key for both the 117 development of male-specific traits for genetic control as well as predicting the behavior of 118 such traits in the field. 30x30x30 cm. Generally 100 female and 100 male mosquitoes were crossed during the 145 introgression experiment, although the number of males varied after the F3 bottleneck and 146 was dependent on the number of male progeny that could be recovered from the previous 147 generation. To assay fertility of the Y-introgressed males, after 11 generation of backcrossing 148 in cage, single crosses in cups were set up. Y-introgressed males were singularly introduced 149 into a cup together with one A. arabiensis female. Parallel the same number of cups were set 150 up for A. arabiensis males and females as a control. After 6 days of mating and blood feeding 151 of females, eggs were collected from every cup and the hatching rate (number of 152 larvae/number of eggs) relative to every cross was calculated. 153 154 DNA sequencing. Samples for DNA sequencing were 10 adult male A Y2 and 2 wild-type 155 control A. arabiensis males and were used individually for whole genome sequencing. A Y2 156 males had been mated to A. arabiensis females prior to DNA extraction allowing us to 157 establish fertility for 7 of the 10 A Y2 males. The competing males were allocated in cage with a 1:1:1 ratio. Every experiment was run in 242 triplicate. Crosses were set up as follows: 50 A females x 50 A males + 50 G Y2 males, 50 G 243 females x 50 G males + 50 A Y2 males, 50 A females x 50 A males + 50 A Y2 males, 50 G females x 50 A males + 50 A Y2 males. After six days mating and blood feeding females were 245 collected from each experimental replicate and allowed to lay singularly in cups. The number 246 of eggs and hatched larvae was calculated for every cup in order to estimate the hatching rate 247 values. Progeny was screened for 3xP3 RFP to assess paternity and transgene ratio was 248 calculated in order to identify any occurring secondary mating. Supplementary Table 1A ). We employed a F1xF0 crossing strategy 264 (we define this as a scheme where first generation female hybrids are crossed to pure species 265 males) in which transgenic Y gambiae males were backcrossed to F1 hybrid females that 266 were in-turn generated using either wild type gambiae or arabiensis mothers ( Figure 1A ). We 267 used two different transgenic Y strains herein referred to as G Y1 and G Y2 that both express an 268 RFP reporter gene driven by the neuronal 3xP3 promoter from different insertion sites on the 269 Y chromosome. In the F2 cross, the hybrid males containing the labeled Y are crossed again 270 to wild type arabiensis females, and then third generation hybrid males are crossed to both 271 hybrid females and wild type arabiensis females in the attempt to recover offspring. Using 272 this crossing scheme, we encountered a severe bottleneck at generation F3 when males are 273 predicted to have inherited a predominantly A. gambiae autosomal genome from their fathers in conjunction with pure A. arabiensis genome (including the X chromosome) from their 275 mothers ( Figure 1B ). We recovered no larvae from >13,000 eggs when backcrossing of either 276 G Y1 or G Y2 males was carried on from F1 hybrid females originated from A. gambiae 277 mothers. In the reverse cross, using F1 hybrid females from A. arabiensis mothers, we 278 managed to recover 7 larvae (3 males, 4 females) with strain G Y2 in a direct cross to wild type 279 A. arabiensis females ( Figure 1A) . These 3 hybrid males obtained were used to progress the 280 introgression and we continuously maintained backcross purification by crossing hybrid 281 males recovered each generation to wild-type arabiensis females for a total of 11 generations 282 to establish the introgressed strains A Y2 used for all subsequent experiments in this study. The 283 occurrence of fertile phenotypes in these crosses is a rare event. In additional experiments 284 were either G Y1 or G Y2 males were crossed to F2 or F3 hybrid females ( Figure 1A We first asked whether A Y2 males showed reduced levels of fertility when compared to wild-291 type A. arabiensis males due to the presence of the heterospecific Y chromosome. In order to 292 assay individual males, rather than a population average, we performed single-copula mating 293 experiments of strain A Y2 or wild-type males mated to A. arabiensis females, measuring the 294 mating rates and oviposition and egg hatching rates of single females. Every generation the 295 males of the largest family were used for establishing the next round of single-copula 296 backcrosses and over the course of 7 generations a total of 344 wild type A. arabiensis and 297 350 A Y2 males were assayed. The rationale for this design was to exclude the possibility of A. 298 gambiae fertility loci having been retained by selection in introgressed males, because such loci would be expected to segregate in this design. Figure 2 shows a summary of these 300 experiments. Single copula matings are inefficient, in fact less than 25% of females would 301 mate and oviposit under these condition (Figure 2A ). No significant difference in the rate of 302 mating was observed between A Y2 (22%) and control A. arabiensis males (15.3%). Power 303 analysis suggested that the sample size of the successfully mated males would allow for the 304 reliable detection of an effect of medium size (p=0.79 for a two-sided t-test, p-value=0.05, 305 d=0.5). We observed that females mated to A Y2 males and females mated to A. arabiensis 306 wild-type males laid a comparable numbers of eggs ( Figure 2B ) that had comparable 307 hatching rates ( Figure 2C ). This analysis indicates that, under laboratory conditions and in the 308 absence of mate choice and male-male competition and taking into account above 309 considerations on power, A Y2 males show no significant difference in fertility when 310 compared to wild-type A. arabiensis males that retain their native Y chromosome. 311
As an additional control, we back-crossed A Y2 males to A. gambiae females. Despite the 312 presence of the A. gambiae Y chromosome in these males we expected this experiment to re-313 create hybrid incompatibility in the form of male infertility in the resulting progeny. Indeed 314 we found hybrid males to be fully sterile ( Supplementary Table 1B ) thus confirming that X-A 315 incompatibilities are sufficient to explain this phenotype (Slotman et al. 2004) . 316 317 Genomic analysis of males with a heterospecific Y chromosome 318 319 After n=11 generations of backcrossing, assuming no selection for sections of the A. gambiae 320 genome, the expected autosomal genome proportion of the A. gambiae donor would be 1/2 n 321 or less than 0.05%. Given that gambiae genomic regions contributing to hybrid 322 incompatibilities would be selected against in males this is likely an underestimation due to 323 such detrimental haplotypes being selectively removed. To confirm that our backcrossing scheme had eliminated the A. gambiae autosomal genome but retained the A. gambiae Y 325 chromosome we performed whole genome DNA sequencing from 10 A Y2 males and 2 wild-326 type control males of our A. arabiensis lab colony. To determine whether introgressed males 327 were fertile, they were singularly mated to wild-type arabiensis females before their genomic 328 DNA was extracted. WGS reads were mapped to the A. gambiae genome to identify genomic 329 regions with fixed allele differences between introgressed and control groups by confining 330 our analysis to biallelic SNPs. No assembly of the A. gambiae Y exists, however the PEST 331 assembly includes the Y_unplaced sequence collection that includes ~230kB of unscaffolded 332 contigs that have been assigned to the Y. Our analysis (Table 1) showed that the autosomes 333 of introgressed-Y and pure species contained a small number of differentially represented 334
SNPs comparable in number to the X chromosome which, since it is replaced in every 335 backcross generation, serves as a background control. In contrast, the majority of 336 differentially represented SNPs (74.7% of the total number of differential fixed SNP and 337 35.6% of the total number of SNPs on the Y) arose from reads mapping to the Y_unplaced 338 portion of the A. gambiae genome that represents less than 0.1% of the total genome 339 assembly. Within the Y_unplaced collection we found that most SNPs mapped to the largest 340 contig, which also contains the male-determine gene ( Supplementary Figure 1 ). In addition 341 12.7% of of the total number of SNPs arose from the UNKN collection (unassigned contigs) 342 that is also expected to contain a number of unassigned Y sequences and repetitive elements. 343
We performed an additional sliding-window analysis where we considered only reads 344 mapping uniquely to the A. gambiae genome and allowed for no mismatches. The rationale 345 was that, given the observed levels of divergence between these genomes, perfectly matching 346 reads are expected to predominantly map to the genome of origin. When comparing the mean 347 number of reads of A Y2 fertile introgressed males and the samples of the A. arabiensis control 348 group we find that the Y_unplaced collection experiences significant coverage only in A Y2 males as do parts of the UNKN collection. For the autosomes and the X, few windows accrue 350 a significant number of reads and we find no substantial differences between the groups in 351 the direction of A Y2 , with the possible exception of an intergenic region on chromosome 2L 352 ( Supplementary Figure 2) . This suggests that, apart from the Y, both groups have a similar A. This analysis is complicated by the occurrence of autosomal copies of many of these 371 elements as well as possible variation between Y chromosome isolates. Figure 3 shows 372 normalized read counts for these elements in strain A Y2 plotted versus males and females of 373 both A. gambiae and A. arabiensis. We observe an excellent correlation in the representation 374 of these Y signature sequence elements between of A. gambiae males and A Y2 males. 375
Because these signature elements are derived from and to some degree specific to the A. and wild-type males that had been reared in the same larval tray and that were sexed and 400 separated at the pupal stage. Paired-end reads were mapped against the 1214 A. arabiensis 401 genomic scaffolds supplemented by 25 consensus sequences corresponding to known A. 402 gambiae Y loci previously mentioned, as well as the reporter gene construct. Due to the 403 incomplete annotation of the A. arabiensis genome we performed an isoform level analysis 404 were we first predicted novel genes and novel isoforms of known genes across all samples. 405
Gene-level expression of the experimental groups as well as sample relationships are 406 summarized in Supplementary Figure 4 and Supplementary File 1. Finally, in order to 407 indicate whether differentially expressed transcripts potentially represented known mobile elements or repetitive DNA arising from the Y (but matching paralogous sequences present 409 on the A. arabiensis scaffolds which could thus be misreported as differentially expressed) 410 we blasted each predicted transcript to the A. gambiae repeat library and assigned a 411 repetitiveness score. We then predicted differential expression of transcripts between A Y2 and 412 wild-type males (Figure 4, Supplementary File 2) . Few transcripts were expressed 413 significantly lower in A Y2 males. This is partially expected because In addition to the above analysis we also measured small RNA expression in these tissues 426 finding no evidence for the differential expression of small non-coding RNAs between A Y2 427 and wild-type males (Supplementary Figure 6) It is possible that more subtle effects of the introgressed Y, not detectable in our experimental 494 setup, exist. Future work could involve hybrid performance testing in mating swarms or 495 under semi-field conditions. The fact however that, despite its radically different structure 496 and an estimated divergence time of ~1.85 Myr or more than 7 times that between D. 497 simulans and D. sechellia, the A. gambiae Y seems to be able to fully replace the A. 498 arabiensis Y, suggests that in Anopheles the Y either carries no important factors that 499 diverged between these two species or that no such factors are present at all. Although, early 500 work had implicated the Anopheline Y chromosome in mating behavior in a study using A. 
